The hyaline cartilage of joints, normally resistant to neoplastic invasion,l 2 can be completely destroyed by inflammatory disease.3 The mechanism of inflammatory cartilage destruction is not fully understood, although in rheumatoid arthritis it has been established that enzymes derived from pannus cells can destroy the cartilage matrix. 4 5 Biochemical studies show that the enzymes of neutrophil granulocytes (polymorphs) are also capable of breaking down the components of cartilage matrix. 6 The purpose of the present study was to answer the questions: (1) Can polymorphs play a role in the inflammatory destruction of cartilage? (2) What influence has inflammation on the characteristics of cartilage proteoglycans ? (3) Can pannus invade living cartilage? It was decided to approach these questions with the rat adjuvant arthritis model, despite the limitation that this model is not precisely analogous with any known human disease.
Material and methods
Forty-eight 50-day-old AF/Han-EMD-SPF rats were used. Twenty-four animals received injections of 0-05 ml complete Freund's adjuvant ( (Fig. 1 ). Both hind feet were separated and, after further fixation in neutral formalin, were decalcified in versene (Titriplex III). The feet were bisected. After paraffin embedding, 7 ,um sections were prepared.
Studies were always made of the tibiotarsal joint. Sections were stained with haematoxylineosin (HE) and reacted by the naphthol-AS-Dchloroacetate esterase (NADCE) method25 to identify polymorphs. Proteoglycans (PG) were detected with safranin-O (S-0).26 For autoradiography sections were coated with Ilford L4 nuclear research emulsion and exposed in darkness for 11 days. After development, these sections were stained with HE.
Results
The results of the investigations of polymorph and of proteoglycan staining and of autoradiography recorded during the 17-24 and 31-38-day intervals ( Fig. 1) were consolidated. No significant differences were found between the groups, although of course the destruction of cartilage was more advanced in the latter group. However, the extent of inflammation in animals killed after the 31st day had diminished, and in these animals there was advanced destruction of cartilage. The inflamed synovial and capsular tissue was heavily infiltrated by polymorphs.
When the cartilage surface was covered by pannus, it often contained many polymorphs. Polymorphs were seen to accumulate marginally on an intact cartilage surface (Fig. 2a) ; irregularities of the cartilage surface could also develop near these cell infiltrates. If in advanced cases there was destruction of cartilage, it was noted that narrow strips of cartilage were surrounded by polymorphs (Fig. 2b) .
SAFRANIN-O STAINABILITY
Hyaline articular cartilage stained red in nonarthritic animals. However, minor differences were present in the stainability between the weakly stained superficial cartilage and the more intensively stained deeper cartilage.
In arthritic animals cartilage stainability depended on the extent of the inflammation. If there was only an inflammatory exudate in the joint space, then the cartilage stainability was comparable to that of control animals. If pannus had formed, cartilage Role ofpolymorphs in inflammatory cartilage destruction in adjuvant arthritis of rats 173 adjacent to the pannus tissue stained less deeply. If pannus was invading cartilage, S-0 stainability, particularly near the invading pannus, almost disappeared. Some chondrocytes remained in the vicinity, surrounded by a safraninophilic border; further away, cartilage matrix stained deeply (Fig.  2c) . Small cartilage fragments completely surrounded by pannus usually showed little or no S-O reaction.
35S LABELLING OF CARTILAGE
In nonarthritic animals silver grains were found, preferentially over chondrocytes 30 min after the injection of 35S. A few silver grains were seen over adjacent matrix. Chondrocytes in the radial zone were more prominently labelled than those in the tangential cell layer. After 1 day the labelling over chondrocytes and intercellular matrix was more intense. There was a slight increase in the intensity of labelling on the 4th and 7th days; in particular, the labelling of the intercellular matrix was more intense.
In 17-and 31-day arthritic animals silver grains were preferentially localised over chondrocytes, but % _ w . (Fig. 3a) and without pannus. In several joints cartilage covered or invaded by pannus (Fig. 3b) was less intensely labelled. In areas where polymorphs had penetrated, the cartilage matrix labelling was usually reduced. Nevertheless it was evident that there were still silver grains over chondrocytes when polymorphs lay nearby (Fig. 3c) .
Labelling of chondrocytes and of the intercellular matrix was intense in arthritic animals after I day. Pannus-covered cartilage showed lower radioactivity in several animals, but radioactivity was still present even when the cartilage was surrounded or invaded by pannus.
After 4 days labelling was intense over the chondrocytes and matrix in arthritic animals. The labelling of pannus-covered cartilage was usually of low intensity; labelling was also slight when cartilage was invaded by pannus.
The findings at day 7 after labelling with 35S were comparable to those on the 4th day. There was intense labelling not only of chondrocytes but also of intercellular substance. Pannus showed silver grains over chondrocytes and matrix. However, the number of silver grains in cartilaginous areas covered by pannus was decreased.
Discussion
In rat adjuvant arthritis those synovial joints that are principally affected are destroyed within a few weeks. The process terminates in fibrous and in bony ankylosis. In rheumatoid arthritis in man many years may elapse before the synovial joints are destroyed to a similar extent. Despite this significant difference, some of the morphological events in cartilage destruction may be comparable in both diseases. The animal model therefore may be used to examine 3 questions regarding cartilage destruction.
Two principal arguments have been advanced against the role of polymorphs in cartilage destruction in nonbacterial arthritis. First, the granulocyte proteases of synovial fluid are inactivated by inhibitors27; secondly, no granulocytes are said to exist in pannus near the injured cartilage.4 12-15 28 In earlier studies of adjuvant arthritis the presence of polymorphs in the areas of cartilage destruction was confirmed.19 29 The present investigations show that many polymorphs are present in the pannus: they accumulate at the pannus-cartilage border but are also present in cartilage resorption lacunae and can surround islands of disrupted cartilage. The capacity of granulocytic enzymes to destroy cartilage matrix has been investigated primarily in human leucocytes,68 3032 but Anderson33 detected collagenase in rat polymorphs. It may be concluded that these cells release enzymes directly at the cartilage-pannus border, leading to cartilage destruction, confirming opinions regarding the pathogenesis of rheumatoid9"1 and infectious arthritis. 
